Abstract: Background: Although most children with asthma and rhinitis are sensitized to aeroallergens, only a minority of sensitized children are symptomatic, implying the underlying operation of efficient anti-inflammatory control mechanisms. Objective: To identify endogenous control mechanism(s) that attenuate expression of IgE-associated responsiveness to aeroallergens in sensitized children. Methods: In three independent population samples we analysed relationships between aeroallergen specific (s)IgE and corresponding sIgG and associated immunophenotypes in atopic children and susceptibility to asthma and rhinitis, focussing on responses to house-dust mite (HDM) and grass. Results: Amongst mite-sensitized children across all populations and at different ages, HDM-specific IgG:IgE ratios (but not IgG4:IgE) were significantly lower in children with asthma compared to those without, and lowest amongst the most severely symptomatic. This finding was mirrored by relationships between rhinitis and antibody responses to grass. Depending on age/allergen-specificity, 20-sIgG:sIgE" immunophenotype. sIgG1 from these children inhibited allergen-induced IgE-dependent basophil activation in a dose-dependent fashion. Profiling of aeroallergen-specific CD4+ Th-memory responses revealed positive associations between sIgG:sIgE ratios and IL-10-dependent gene signatures, and significantly higher IL-10/Th2-cytokine(protein) ratios amongst non symptomatic children. Conclusion: In addition to its role in blocking Th2-effector activation in the late phase allergic response, IL-10 is a known IgG1 switch factor. We posit that its production by allergen-responsive regulatory cells contributes significantly to attenuation of inflammation via promoting IgG1-mediated damping of -dependent acute phase reaction. sIgG1:sIgE "balance" may represent a readily accessible therapeutic target for asthma/rhinitis control.
ABSTRACT

25
Background: Although most children with asthma and rhinitis are sensitized to aeroallergens, only 26 a minority of sensitized children are symptomatic, implying the underlying operation of efficient 27 anti-inflammatory control mechanisms.
28
Objective: To identify endogenous control mechanism(s) that attenuate expression of IgE-29 associated responsiveness to aeroallergens in sensitized children.
30
Methods: In three independent population samples we analysed relationships between 31 aeroallergen specific (s)IgE and corresponding sIgG and associated immunophenotypes in atopic 32 children and susceptibility to asthma and rhinitis, focussing on responses to house-dust mite
33
(HDM) and grass.
34
Results: Amongst mite-sensitized children across all populations and at different ages, HDM-
35
specific IgG:IgE ratios (but not IgG4:IgE) were significantly lower in children with asthma compared 36 to those without, and lowest amongst the most severely symptomatic. This finding was mirrored by 37 relationships between rhinitis and antibody responses to grass. Depending on age/allergen-38 specificity, 20-40% of children with sIgE 0.35kU/L were skin test negative, and these also 39 expressed the "high sIgG:sIgE" immunophenotype. sIgG1 from these children inhibited allergen-
40
induced IgE-dependent basophil activation in a dose-dependent fashion. Profiling of aeroallergen-41 specific CD4 + Th-memory responses revealed positive associations between sIgG:sIgE ratios and 
58
 dissociation between allergic symptomatology and allergen specific (s)IgE status in children is 59 associated with high level co-production of sIgG1 viz. high sIgG1:sIgE ratios;
60
 an important exemplar is failure to respond to skin prick testing despite ≥0.35kU/L sIgE in 61 serum, which is observed in up to 40% of children depending on age/allergen specificity; 
124
METHODS
125
Study design, setting and participants
126
We studied three population samples from Perth (Australia) and Manchester (UK): the Western 
180
(above low background levels) of CD63 and/or CD203c on basophils 20 which were gated as CD3-,
181
CD19-, CD14-, HLADR-, CD123hi, FcR1hi, CD11c-.
182
As a follow up to one series of experiments detailed in the text, the sera employed were re-183 assayed for Der p 1-specific IgE in order to determine Der p 1-IgG : Der p 1-IgE ratios, and 184 relevant basophil activation data were re-expressed in these terms.
185
To investigate potential mechanisms which control sIgG:sIgE balance, we performed genome-wide 
204
Quantitative associations between expression levels of the Th2 module and logGE ratios were 
211
Statistical analyses
212
We assessed differences in antibody titres and ratios thereof by Mann-Whitney U test or Kruskal-
213
Wallis test, and categorical differences between groups using Chi-squared test (SPSS and 214 STATA).
215
Role of funding sources
216
Funding sources had no role in study design, data collection, analysis, interpretation, writing of the 217 report, or decision to submit the manuscript.
219
RESULTS
220
221 Table E1 summarizes the characteristics of cohort participants included in the current study.
222
Association studies
223
Immune response phenotypes underlying symptomatic versus asymptomatic atopy
224
We carried out initial analyses among RAINE Yr14 atopic children, and the findings were then 225 replicated in other populations and at different ages. 
242
corresponding findings relating to grass sIgG:sIgE ratios and rhinitis susceptibility (Table 1 10 bottom) were comparable. This inverse relationship was replicated across all cohorts and at 244 different ages for both wheezing-associated and rhinitis symptoms ( Figure 1 and Table E2) 245 .
246
Asthma severity and persistence
247
The analysis amongst HDM-sensitized children with current asthma demonstrated a downward 248 trend of sIgG:sIgE ratios with increasing asthma severity against a background of high sIgE which 249 was significant in the RAINE cohort but not in MAAS (Table E3) .
250
In RAINE Yr14, in addition to subjects with current active asthma (physician-diagnosed asthma,
251
current asthma medication, current wheeze), we identified a subset of 49 children with well-
252
controlled asthma (physician-diagnosed asthma, current asthma medication, but no wheeze in the 253 previous year). Well-controlled asthmatics in whom symptoms had waned had significantly higher 254 sIgG:sIgE ratios, with minimal differences in sIgE (Table E4 ). There were insufficient numbers 255 expressing this phenotype for meaningful analyses in the younger age groups and other cohorts.
256
We have previously reported low HDM-sIgG1 in HDM-sensitized children with susceptibility to 257 hospitalization for severe asthma exacerbations in a case-control study 17 re-analysis of these data 258 with addition of further subjects confirmed that low sIgG:sIgE ratio in serum collected at the time of
259
exacerbation is a marker of this clinical phenotype (Table E5A ). Reduced sIgG:sIgE ratios were 260 also observed amongst HDM-sensitized MAAS Yr11 children who had been hospitalised with 261 asthma exacerbations (confirmed via transcription of medical records data) 29 (Table E5B) . Figure 2B ; Table E6 ). Note also the higher prevalence of asthma and rhinitis 276 amongst the IgE + /SPT + relative to IgE + /SPT -children ( Figure 2C ).
(b) sIgG-mediated attenuation of sIgE-dependent basophil activation in vitro 278
We next used the stripped basophil activation assay to test whether sIgG could attenuate allergen- 
284
activation is evident in these data (representative experiment in Figure 3A ).
285
We reasoned also that some of the noise in this plot was likely due to inter-subject variations in 286 antibody affinity, allergen component specificity, IgG subclass ratios etc. To reduce this variability,
287
we firstly repeated the titration employing pre-assayed serum pools, producing a spectrum of HDM-288 specific IgE:IgG ratios against the background of precisely standardized HDM-specific IgE. Der p 1-
289
triggering of donor basophils pre-armed with these serum pools provided stronger evidence of IgG 290 dose-dependent inhibition of basophil activation: the titration in Figure 3B was performed in the 291 presence of Der p 1 at 0·1ug/ml, and comparable results were obtained in titrations employing Der 292 p 1 at 0·01, 1·0 and 10·0ug/ml (not shown). Secondly, we reassayed all these sera for IgE using a 293 modified ImmunoCAP conjugated with Der p 1 as opposed to whole HDM; we recomputed 294 sIgG:sIgE ratios as Der p 1-sIgG:sIgE and used these for reanalysis of the basophil activation data 295 from Figure 3A /B, with identical conclusions ( Figure E1 ).
296
Allergen-specific Th-memory responses and sIgE/sIgG "balance" increased IL-10 signalling ( Figure 4B ; Table E8 ). Moreover, re-expressing our published HDM- , and it is plausible that both these components of the allergic 361 inflammatory cascade may be subject to co-regulation via complementary IL-10-dependent 362 mechanisms (proposed mechanism in Figure 5 ).
363
It is possible that the application of higher resolution technologies that could capture additional 
444
Exploration, normalization, and summaries of high density oligonucleotide array probe level data. 
498
Children with HDM-specific or grass-specific serum IgE>0·35 kU/L were recruited in the Australian
499
RAINE and CAS birth cohorts, and the UK MAAS cohort as specified.
500
*** p<0·001; ** p<0·01; * p<0·05;  p=0.08 Table E4 : HDM-specific immunity in HDM-sensitized children in RAINE YR14 "well-controlled" versus current active asthma. Values represent Means + S.E. Figure 4B . P-values reflect levels of enrichment of known target genes relevant to individual candidate regulators
